Introduction
It is generally perceived that health care cost is increasing because of population aging. In Korea, the number of people over 65 years of age was 3.1 percent of the population in 1970, 5.1 percent in 1990, 7.2 percent in 2000, and 9.1 percent in 2005.
These figures show that the period of time in which an aging population increases by 2 percent is getting shorter; thus aging has been accelerating.
An analysis of how aging affects health care expenditures can be approached in a variety of ways. The first and simplest way is to observe how health care expenses relating to age change as time passes. This approach shows simply the relationship between aging and health care expenses. However, this approach overlooks other factors that influence health care costs other than aging.
The second approach uses a multivariate regression analysis. To analyze the determining factors of the national health care cost, the panel analysis using the timeseries and cross-sectional data has been widely adopted recently. In this approach the researcher controls several factors that can influence the national health care cost, and then can analyze the effects of aging itself. With this approach, the results show that income is a significant factor that influences health care costs; aging, however, does not seem to be significant. The reason is that as aging proceeds, the income level also increases, and thus income effects overwhelm the influences of aging. Therefore, this approach is useful for analyzing the income elasticity of health care expenditures.
The third approach is to disassemble the factors that consist of the health care costs, and then analyze how much the change in population structure ('aging') affects the increase of health care expenditures. Health care cost can be disassembled into factors: the population covered, the population aging structure, the medical fees, the utilization rate of health care services, and so on. We would then analyze the contribution of each factor to the health care cost. This approach extracts the genuine effect of aging on health care cost. However, this approach has shortcomings, in that extracting the sole factor of aging is not easy and the availability of data is limited.
The fourth approach is to consider the diseases related to aging. As aging continues, the prevalence rate of chronic diseases increases, the treatment days become prolonged, and health care costs increase. In addition, the types and composition of the chronic diseases may change, and those changes also can contribute to an increase in health care
costs. This approach suggests many significant points about the relationship between diseases and aging. However, this approach overlooks other factors besides diseases.
The fifth approach illustrates the Sisyphus syndrome. Health care costs increase and contribute to a longer life span, and as the expected life span becomes longer, it requires additional health care expenditures. The former describes the health production function, and the latter is about aging as the determining factor of health care expenditures.
The sixth approach is based on the argument that aging increases acute care and, in some sense, traditional medical cost and also increases long-term care cost. Whether to include long-term care cost in health care cost can be controversial. Because long-term care cost has aspects of both medical service and social service, it is difficult to separate those two exclusively. Also, among countries that have long-term care systems, some countries emphasize medical service and others emphasize social service.
Besides these six approaches, there are many other ways to analyze the effects of aging on health care costs. This paper considers the first three approaches and briefly discusses some of the others.
Methods
The three approaches for analyzing the impact of aging on health care cost, and the calculation methods for each approach, are presented in this section.
Age-Medical Cost Profile Approach
The age-medical cost approach is limited by its requirement of the data of health care cost according to age groups. Therefore, I used the data produced from the National Health Insurance (NHI) in Korea. I calculated, by age groups, the yearly medical costs per person, and thus constituted the medical expenditures structure regarding age. This enables us to observe how medical expenditures have changed in accordance to the age structure shift. I measured the profiles for the years 1991, 1996, and 2001 , and in addition measured a profile for 2003. Measuring the visiting days (summing the annual hospitalized and outpatient days) by age shows the changes in medical service usage by age. However, when the medical-cost profile of aging is compared with the prices of each corresponding year, it is difficult to see the effects of aging separately. Therefore, to observe the health care costs in accordance with genuine change in age structure, it is necessary to find a way of standardization. The method for this is to calculate the relative indices of medical cost by age and observe the structural changes by year. The volume utilization of patients by age can also be calculated using this method.
Econometric Approach Based on Regression Analysis
The research on the factors that determine national health care costs have usually utilized the simple or multivariable regression analysis model based on cross-sectional data in the late 1970s and the early 1990s. In the late 1990s, research using various econometric models based on panel data was prevalent. The existing research results point out that the gross domestic product (GDP) per capita is the most influential factor that can explain changes in the national health care cost, and in addition to income, many other socioeconomical factors and health care system-related variables have been discussed in terms of how they have influenced the national health care cost. The influence of socioeconomic factors and health care system factors on health care costs has been estimated in a variety of ways regarding the methods and data used. 
where NHE is the national health expenditure, j is the country, and t is the year.
For the socioeconomic variables, I used GDP per capita, the ratio of people older than 65 to the total population, and the ratio of women in the work force to the whole work force. As the quantitative variables related to health system factors, government health costs, health insurance coverage population ratio, number of doctors per one thousand people, hospitalization cost, and new medical technology are used. As the systematic variables related to health system factors, the payment method to doctors and the existence of primary treatment are used. Each quantitative variable is converted into natural logarithms to express elasticity. The variables used in the models are defined in Table 2 . Share of 65+ population 
Approach to Decomposition of Medical Costs
The increase in medical costs can be broken down into several factors: the increase in population coverage, the aging of the population structure, increased fees for medical services, and the increased volume of medical services used. Through this analysis, the effect of aging can be singled out. The data used in this analysis is the NHI data. The health insurance costs could be analyzed by the following method: Here, the rate of change in demographic structure is calculated from time point a to time point b. (The detailed data for calculation is included in appendix A.)
Rate of change in demographic structure (1) 
Results

Age-Medical Cost Profile Analysis
As the proportion of older people increases, their medical costs tend to increase 5 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 visit days medical cost
The cause of this phenomenon is that people over 65 have more medical needs than those under 65. However, the fulfillment of the medical needs of those over 65 can be achieved by the burden of the labor force of the population. Thus, when productivity of the labor force is improving and income levels are getting higher, it becomes easier to fulfill the medical needs of older people.
When we look at the trend of medical cost by age groups, we see that the medical cost per capita is high for infants and children, it decreases among the youth, it increases in middle age, and then it increases rapidly in later years. On a graph, this trend is a U curve, as shown in Figure 2 . When measured in a gap of five years as times goes on, the U curve develops a steeper valley. To correct the problem that occurs when comparing with current prices of each year, the relative magnitude of medical costs by ages in each year is calculated, as shown in A question that arises is whether the volume of medical services used is following a trend similar to that of medical cost. The cost per service unit applied to older people could be increased. Even without these price-related factors, we can observe whether the steep U-shaped form could stay the same. As shown in Figure 4 , as aging progresses in the whole age structure, the visit days increase, and for older people the visit days increase faster. From these observations is it possible for us to regard aging as the factor that results in the increase of medical costs? The answer is not that simple. To this day we have observed only the relationship between aging and medical costs. For instance, as aging continues, we can watch medical costs increasing for people who are 70 years old.
However, the causes of the increased expenditures will be complex; since the income level rises, there could be more resources involved in curing older people, and advances in medical technology could have invested more in medical services for that population.
If the income level includes the concept of technological advancement, the phenomenon of medical costs rising according to aging may be explained not by aging itself, but by the improvement of income level-that is, more usable resources. In addition, if the extended life span is possible because the income level rose, the rise of medical costs related to aging will be related to higher income levels.
Therefore, speaking strictly, aging is not an independent variable that influences medical costs. Aging can occur as a result of an increase in medical services or better nutritional state, higher education and awareness on health, and so on. Therefore, the cause of the rise in medical costs should be explained by the factors that contribute to aging, rather than by aging itself.
Panel Analysis Determining National Health Expenditures
The panel analysis shows that the results are influenced by the time span chosen and the choice of explanatory variables used. Aging does not appear to be a significant variable. However, in model 2, shown in Table 3 , aging seems to be significant under the significance level of 10 percent, but the elasticity is only 0.16, which is not that significant. The determining factors that significantly affect national health care cost are both income and women's participation in the labor force, although the elasticity varies widely because the model is constructed differently. The results of an analysis that uses the time series data of Korea are shown in Table   4 . When we regard model 1 as trustworthy because it has a relatively long analyzing period, the results show that aging was an insignificant factor. 24 (17) 16 (9) 16 (7) Note: ** p<0.05, * p<0.1
Income, national health insurance coverage, and number of doctors were significant in a 5-percent significance level, and the income elasticity, especially, was close to 1.
The elasticity of insurance coverage expansion was positive (+0.228), which is inconsistent with the results from other OECD countries. This is because Korea expanded the insurance coverage population in a short period, leading to a sharp increase in medical costs. The increase in the number of doctors has an effect on containing medical costs, a result that is similar to that in other OECD countries. Korea rejects the supplier-induced demand hypothesis that claims that the increase of doctors is the main cause of the rise of medical expenditures. Therefore, we can temporarily conclude that the consumer's expanded demand, which originated by the extension of the insurance-covered population, is a stronger factor than the producer-induced demand for health care. However, women's participation in the work force did not affect medical costs significantly.
In research conducted for the recent period, income and health insurance coverage of the population were both significant, but aging was not. In conclusion, the leading cause of rising medical costs was related to the increase in national income and the expansion of the health insurance-covered population. The increase in the number of doctors was an influence in containing the increase in medical costs, and aging was not as significant a factor as in other OECD countries.
Decomposition Analysis of Medical Costs
When the period from 1991 to 2003 is selected, the contribution of aging to the rise in medical costs appears to be 6.6 percent. But if price level is excluded, the contribution of aging increases to 9.2 percent. Table 5 shows the rise in medical costs and the factors contributing to medical costs according to the periods of analysis. On this basis, we calculated the contribution of each factor to increased medical costs. Table 6 presents the results that include the increase of price levels as a factor contributing to the rise of medical costs. This table shows that the contribution of change in demographic structure was 6.6 percent in 1991 to 2003, and 9.5 percent in 1999 to 2003, which shows that aging became a more influential factor in medical cost increase. The effect of aging on the rise of medical costs is less than 10 percent. The volume of medical utilization, which is a quantitative factor, affects the medical cost increase by 30 to 35 percent. The increased volume reflects both the increased demand of medical services according to higher income level and the induced demand from the suppliers, and also includes the expansion of medical use originated by the longer period of insurance coverage. The contribution of increased fee level is 39 percent, but after the introduction of the separation policy of prescribing and dispensing drugs, increased fee level contributed up to 47 percent. The contribution of cost per visit day after adjusting the increasing fee is 13.8 percent, but after the introduction of the separation policy the influence decreased drastically. The cost per visit day includes the increasing cost of pharmaceuticals and medical supplies and will also include the intensity of treatment and the services increased due to the expanded coverage of health insurance. However, as the fee and the cost per visit day include the increasing prices, their contribution to rising medical costs includes a natural increase by the price index. Table 7 separates the price-index factor and analyzes the breakdown of medical costs. The contribution of changes in demographic structure occurs almost identically.
On the one hand, the contribution of raised price levels was 28.4 percent in 1991 through 2003, and the contribution of fee was 24.4 percent. On the other hand, the contribution of cost per visit day was almost close to zero. Especially after the separation policy, the contribution of fee was very large, and the contribution of cost per visit day resulted in a minus (-) value. This shows that the policy containing medical costs was strong enough to escape from the financial crisis resulting from the separation policy.
The results after excluding the effect of price index are shown in Table 8 . The contribution of change in demographic structure is 9.2 percent, and after the separation policy it is 11.4 percent, illustrating further growth in aging. The largest contributor is a medical utilization volume that is 46 percent. This is because, first, the demand for medical treatment increased as the income level rose; second, after the introduction of health insurance, the burden of individual payment decreased and the demand for medical services increased; and third, the insurance coverage widened. The contribution of fees, which is 34 percent, is impressive. Because this contribution was only 15 percent before the separation of prescribing and dispensing drugs, it is clear that increased fees led the medical cost increase after the separation policy. The aging factor as a contributing factor to the rise in medical costs is less than 10 percent. Medical costs increased mainly due to the increase in both medical volume of utilization and the increasing fees. This implies that the higher level of income and the introduction and expansion of health insurance affected the increase in medical utilization, and in return the increasing utilization produced the increased medical costs.
Discussion and Conclusion
To analyze the impact of aging on medical costs we used three approaches. The approach using observation of medical cost profile by age showed that, as the data was closer to the present, the medical costs for older people increased. The treatment quantity excluding price index was also increasing for older people. This implies that the medical resources that are allocated to older people are increasing, due to the increased resources applied to extend the expected life span that was enabled through higher income levels, rather than aging itself. Therefore, aging cannot be considered an independent variable that contributes to the rise in medical costs. Instead, the factors that make aging possible will be the ultimate determining factors, such as income, education level, and sanitation.
Some research attributes the rise in medical costs to aging alone, explaining it by citing the Sisyphus syndrome. This research claims that medical cost increase leads to a longer life span ("provokes aging") and that the extended life span leads to a higher demand for public health services and finally increases the medical cost (Zweifel and Ferrari 1992, 327) . The former relates to the discussion of health production function that explains that the increase in medical cost will increase the expected life span, and the latter is explained by the relationship that as older people continue to age, their political influence increases. However, Zweifel and Ferrari were not able to prove that hypothesis with the regression analysis using OECD health data. Later, Zweifel and Steinman (2002) tried the regression analysis again with the same data source. During the period of 1970 through 1991 the Sisyphus syndrome existed, but in 1992 through 1999 it disappeared. Ryu, Kim, and Lim (2005) verified that the Sisyphus syndrome did exist in Korea from 1977 through 1998. However, in the analysis for OECD countries, the Sisyphus syndrome existed weakly in 1977 through 1998, but in later years negative effects became influential and the results showed no Sisyphus syndrome. Therefore, it was difficult to verify the Sisyphus syndrome statistically because aging coincided with economic growth historically, and the increased medical cost has been explained mostly by the increased rate of income. The research results conducted by Ryu, Kim, and Lim (2005) in the case of Korea is difficult to interpret. Older people generally do not have enough power to develop political influence in Korea, and considering that income level rose faster than the speed of aging, the conclusion that aging is a factor in increasing medical costs seems unusual.
To overcome the limitation of neglecting other factors besides aging in observing the medical cost profile by age, we applied the second approach, in which we used panel regression analysis. The result of this analysis shows that, generally in OECD countries, aging was not a significant variable contributing to increased medical cost.
Also, similar results were shown in the Korean analysis using time series data. The analyses of relatively recent periods, which show a somewhat faster aging rate, show also that aging was not a significant factor in the increase of medical costs.
The main causes of increased medical costs are thought to be both income level and the expanded application of national health insurance. In the approaches using regression analysis, the effect of higher income on medical cost increase could have overwhelmed the influence of aging in determining medical costs. However, because it is complex, it is difficult to verify statistically. Therefore, we used an alternative approach, in which we broke down the factors contributing to increased medical costs and singled out the contribution of the change in demographic structure. During the period of 1991 to 2003, the aging factor contributed 6.6 percent to increasing medical costs. However, excluding the fee increase due to inflation, the contribution of aging was 9.2 percent. In this approach, the contribution of aging to increased medical costs was considered less than 10 percent. The main reason for the medical cost increase was both the increased utilization of volume and the increased fee levels. Beneath these factors there would be the raised level of income and the introduction of health insurance.
Finally, the influence of aging on the rise in medical costs can be viewed as superficial. The reality is that the factors that cause aging contribute to higher medical expenditures.
Aging is thought to be an endogenous variable rather than an independent variable in how it impacts medical costs. It functions as a mediator in the process of explaining the causes of increasing medical costs. Despite these facts there still is the necessity to continue the research on the influence of aging and the political influence of older people related to medical costs. 
